LIGHT EMITTING DIODE CONTROL DEVICE 



CROSS REFERENCE TO RELATED APPLICATIONS 
This application is based on and incorporates herein by 
reference Japanese Patent Application No. 2003-23316 filed on 
January 31, 2 003. 

FIELD OF THE INVENTION 
The present invention relates to a control device of 
light emitting diodes that is suited for use in a turning signal 
lamp of a vehicle. 

BACKGROUND OF THE INVENTION 

Recently, LEDs (Light Emitting Diodes) that need little 
electricity have been examined in use for a turning signal lamp 
of a vehicle instead of an electric bulb. 

With respect to the electric bulb used in the turning 
signal lamp, as electric current starts flowing through a 
filament of the bulb, an electric bulb increases its luminance 
with increasing filament temperature, as shown in FIG. 7. As 
electric current conversely stops flowing through the filament 
of the bulb, the electric bulb decreases its luminance with 
decreasing filament temperature, as shown in FIG. 8. The 
electric bulb has thus a nonlinear characteristic of luminance 
variation. Further, a start-up period (or light ing-up period) 
during which luminance of the bulb becomes stable is 
approximately 300 ms, while a falling period (or lighting-out 



period) during which luminance of the bulb becomes zero is 
approximately 100 ms. Luminous intensity of the turning signal 
lamp using the electric bulb thereby varies with a slow response 
characteristic . 

In contrast, with respect to LEDs, both start-up period 

and falling period are not more than 1 |is . Luminous intensity of 
the turning signal lamp using the LEDs thereby varies with a 
quick response characteristic. 

Therefore, it has been proposed that a control circuit 
of LEDs has a slow luminance variation during its lighting-up 
period or lighting-out period (See JP-2002-244087A) . Here, the 
luminance of the LEDs is gradually varied by varying a duty 
ratio of electric current flowing through the LEDs during the 
light-up and light-out periods. 

In this control circuit, when the duty ratio is linearly 
increased during a lighting-up period, luminance of LEDs 
linearly increases, as shown in FIG. 9. When the duty ratio is 
conversely linearly decreased during a lighting-out period, the 
luminance of LEDs linearly decreases, as shown in FIG. 10. 
Linear varying of the duty ratio thus leads to gradual variation 
in a luminance characteristic of the LEDs. However, this 
luminance variation characteristic of the LEDs differs from that 
of the electric bulb, results in offering feeling of strangeness 
to a user. 



SUMMARY OF THE INVENTION 
It is an object of the present invention to provide a 



control device of LEDs capable of nonlinearly varying a 
luminance variation characteristic of LEDs during a star-up 
period or a falling period. 

To achieve the above object, a control device driving 
LEDs is provided with driving means and pulse output means. 
Here, the pulse output means varies, of a pulse signal outputted 
to the driving means, a cycle and a corresponding duty ratio, to 
control the driving means . 

This structure enables a luminance variation 
characteristic of LEDs to become nonlinear since a cycle and a 
corresponding duty ratio of the pulse signal can be varied for 
driving the LEDs as intended. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, and advantages of 
the present invention will become more apparent from the 
following detailed description made with reference to the 
accompanying drawings. In the drawings: 

FIG. 1 is a block diagram showing an overall structure 
of a control device of LEDs according to a first embodiment of 
the present invention; 

FIG. 2 is a block diagram of a light ing-up circuit of 
the control device according to the first embodiment; 

FIG. 3 is a time chart diagram showing a variation 
characteristic during a lighting-up period in the lighting-up 
circuit of the control device according to the first embodiment; 

FIG. 4 is a block diagram of a lighting-out circuit of 



the control device according to the first embodiment; 

FIG. 5 is a time chart diagram showing a variation 
characteristic during a lighting-out period in the lighting-out 
circuit of the control device according to the first embodiment; 
5 FIG. 6 is a block diagram showing an overall structure 

of a control device continuously lighting up LEDs; 

FIG. 7 is a graph showing luminance of a bulb during a 
lighting-up period; 

FIG. 8 is a graph showing luminance of a bulb during a 
10 lighting-out period; 

FIG. 9 is a time chart diagram showing a variation 
characteristic during a lighting-up period when a duty ratio is 
linearly increased in a conventional control circuit of LEDs; 
and 

15 FIG. 10 is a time chart diagram showing a variation 

characteristic during a lighting-out period when a duty ratio is 
linearly decreased in the conventional control circuit of LEDs. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
2 0 (First embodiment) 

A first embodiment of the present invention is directed 
to a control device of LEDs (Light Emitting Diodes) connected 
with LEDs that are used in a turning signal lamp of a vehicle. 
FIG. 1 shows an overall structure of the control device of LEDs 
25 including the LEDs. The control device includes: an input 
circuit 40; a flashing signal generation circuit 50; a lighting- 
up circuit 10; a lighting-out circuit 20; an inverter circuit 
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60; an AND circuit 61; an OR circuit 62; and an LED output 
circuit 70. 

The input circuit 4 0 is connected with a turning signal 
lamp switch 30 to output a signal relative to operation of the 
5 turning signal lamp switch 30. The flashing signal generation 
circuit 50 outputs, according to the signal from the input 
circuit 40, a lamp signal that repeats ON/ OFF to blink the LEDs 
80 for use in the turning signal lamp. The lighting-up circuit 
10 outputs a pulse-width modulated (PWM) ONPWM signal to 

10 gradually vary a cycle and a corresponding duty ratio when the 
signal from the flashing signal generation circuit 50 is 
switched from OFF to ON. The lighting-out circuit 2 0 outputs a 
pulse-width modulated (PWM) OFFPWM signal to gradually vary a 
cycle and a corresponding duty ratio when the signal from the 

15 flashing signal generation circuit 50 is switched from ON to 
OFF. 

The OR circuit 62 outputs to the LED output circuit 7 0 
either the ONPWM signal from the lighting-up circuit 10 or the 
OFFPWM signal from the lighting-out circuit 20. The inverter 

20 circuit 60 and ON circuit 61 are disposed for preventing the 
lighting-out circuit 2 0 from outputting the OFFPWM signal to the 
OR circuit 62 when the lamp signal is being ON. The LED output 
circuit 70 is connected with the LEDs 80 disposed at a corner of 
the vehicle for use in the turning signal lamp of the vehicle 

25 and supplies the LEDs 80 with electric power based on the output 
of the OR circuit 62. 

FIG. 2 shows a structure of the lighting-up circuit 10. 
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The lighting-up circuit 10 includes: a clock generator 101; a 
flip-flop 102; a counter 103; a cycle counter 104; a duty 
counter 105; a first comparator 106; a second comparator 107; a 
third comparator 108; an end value register 109; an OR circuit 
5 110; an AND circuit 111; and an inverter circuit 112. 

The flip-flop 102 outputs a low-level signal from an 
output terminal Q bar when the lamp signal inputted from the 
flashing signal generation circuit 50 is switched from OFF to 
ON, while it outputs a high-level signal when it is reset due to 

10 a signal from the third comparator 108. The clock generator 101 
outputs a clock signal having a given frequency. The counter 103 
is synchronized with the clock signal inputted from the clock 
generator 101 to count up and is reset due to either a high- 
level signal from the output terminal Q bar of the flip-flop 102 

15 or a high-level output signal from the first comparator 106. The 
cycle counter 104 is loaded with "8" as an initial value due to 
the high-level signal from the output terminal Q bar and then 
adds "1" to its counter value based on the high-level output 
signal from the first comparator 106. The duty counter 105 adds 

20 "2" to its counter value based on the high-level output signal 
from the first comparator 106 and is reset due to the high-level 
signal from the output terminal Q bar. 

The first comparator 106 compares the counter values of 
the counter 103 and cycle counter 104 to output a high-level 

25 signal when both the counter values are equal. Due to this high- 
level signal, the duty counter 105 adds "2" to its counter 
value, the cycle counter 104 adds "1" to its counter value, and 



the counter 103 is reset. The end value register 109 is 
previously stored with "16" as a value terminating counting of 
the duty counter 105. The third comparator 108 compares the 
counter value of the duty counter 105 with the value set in the 
5 end value register 109. When the counter value and the set value 
are equal, the third comparator 108 outputs a reset signal for 
resetting the flip-flop 102. 

The second comparator 107 compares the counter values of 
the counter 103 and duty counter 105 and outputs a high-level 
10 signal when the counter value of the counter 103 is less than 
that of the duty counter 105. The output signal of the second 
comparator 107 is outputted as the ONPWM signal from an output 
terminal of the AND circuit 111 via the OR circuit 110 and AND 
circuit 111. 

15 Next, an operation of the lighting-up circuit 10 will be 

explained with reference to FIG. 3. FIG. 3 is a time chart 
diagram of the lamp signal, the ONPWM signal, and a variation 
characteristic of duty ratio of the ONPWM signal during a start- 
up period (or lighting-up period). 

20 At first, suppose that a lamp signal of OFF is being 

inputted to the flip-flop 102 and the flip-flop 102 is reset as 
shown in FIG. 3 (a). In this state, a high-level signal is being 
outputted from the output terminal Q bar of the flip-flop 102. 
The counter values of the duty counter 105 and the counter 103 

25 are reset to "0." The cycle counter 104 is loaded with "8" as a 
counter value. Here, a lamp signal of OFF is being input to the 
AND circuit 111, so that the ONPWM signal remains low-level. 



Next, as the lamp signal is switched from OFF to ON as 
shown in FIG. 3 (a), the output terminal Q bar of the flip-flop 

102 represents low-level. The counter 103 starts counting up by 
being synchronized with a clock inputted from the clock 

5 generator 101. The first comparator 106 compares the counter 
values of the counter 103 and the cycle counter 104. When the 
values are equal, i.e., both the counter values are "8," the 
first comparator 106 outputs a high-level signal. Due to this 
high-level output signal, the counter value of the cycle counter 
10 104 increases by "1," that of the duty counter 105 increases by 
"2", and the counter 103 is reset. Namely, the counter value of 
the cycle counter 104 becomes "9," the counter value of the duty 
counter 105 becomes "2," and the counter value of the counter 

103 becomes "0." 

15 For a period where the counter value of the counter 103 

shifts from "0" to "8," i.e., period TCI in FIG. 3 (b), the 
counter value of the duty counter 105 is "0." The counter value 
of the counter 103 is thereby not less than that of the duty 
counter 105, so that the output of the second comparator 107 

20 remains low-level. This output of the second comparator 107 is 
outputted from the AND circuit 111. Here, the duty ratio of the 
ONPWM signal is TD1/TC1 (= 0/8). 

Next, the counter 103 resumes counting up the counter 
value from "0." As the counter value of the counter 103 reaches 

25 "9," it equals the counter value of the cycle counter 104. The 
first comparator 106 thereby outputs a high-level signal. Due to 
this high-level output signal, the counter value of the cycle 



counter 104 increases by "1," that of the duty counter 105 
increases by "2," and the counter 103 is reset. Namely, the 
counter value of the cycle counter 104 becomes "10," the counter 
value of the duty counter 105 becomes "4," and the counter value 
5 of the counter 103 becomes "0." 

For a period where the counter value of the counter 103 
shifts from "0" to "9," i.e., period TC2 in FIG. 3 (b), the 
counter value of the duty counter 105 is "2." While the counter 
value of the counter 103 is "0" and "1," the output of the 

10 second comparator 107 thereby becomes high-level. Here, the duty 
ratio of the ONPWM signal is TD2/TC2 (= 2/9). 

Further, the counter 103 resumes counting up the counter 
value from "0." As the counter value of the counter 103 reaches 
"10," the first comparator 106 thereby outputs a high-level 

15 signal. Due to this high-level output signal, the counter value 
of the cycle counter 104 increases by "1," that of the duty 
counter 105 increases by "2", and the counter 103 is reset. 
Namely, the counter value of the cycle counter 104 becomes "11," 
the counter value of the duty counter 105 becomes "6," and the 

20 counter value of the counter 103 becomes "0." 

For a period where the counter value of the counter 103 
shifts from "0" to "10," i.e., period TC3 in FIG. 3 (b), the 
counter value of the duty counter 105 is "4." While the counter 
value of the counter 103 is "0" to "3," the output of the second 

25 comparator 107 thereby becomes high-level. Here, the duty ratio 
of the ONPWM signal is TD3/TC3 (= 4/10). 

Similarly, each time the counter value of the counter 
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103 equals that of the cycle counter 104 , the first comparator 
106 outputs a high-level signal. Due to this high-level output 
signal, the counter value of the cycle counter 104 increases by 
"1," that of the duty counter 105 increases by "2," and the 
5 counter 103 is reset. Therefore, the duty ratio of the ONPWM 
signal becomes 6/11, 8/11, 10/13, 12/14, and 14/15 for periods 
TC4 to TC8 shown in FIG. 3 (b), respectively. 

As the counter value of the duty counter 105 reaches 
"16" of the set value of the end value register 109, the third 
10 comparator 108 outputs a reset signal to cause the flip-flop 102 
to be reset. The output terminal Q bar of the flip-flop 102 then 
becomes high-level, so that the output of the OR circuit 110 
becomes high-level and the duty ratio of the ONPWM signal 
becomes 100%. 

15 As the lamp signal is switched from OFF to ON, the duty 

ratio of the ONPWM signal thus becomes nonlinear as shown in a 
dotted line in FIG. 3 (c). This is approximated to a luminance 
variation characteristic of the electric bulb during a lighting- 
up period. 

2 0 Furthermore, when the counter value of the duty counter 

105 equals "16" of the set value of the end value register 109, 
the counter 103 is reset due to the high-level signal of the 
output terminal Q bar of the flip-flop 102, leading to stopping 
of the above-mentioned counting procedure. 

2 5 In the next place, the lighting-out circuit 20 will be 

explained below. FIG. 4 shows a structure of the lighting-out 
circuit 20. This structure is similar with that of the lighting- 
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up circuit 10, enabling the duty ratio gradually to decrease 
based on the OFFPWM signal when the lamp signal is switched from 
ON to OFF. 

The lighting-out circuit 20 includes: a clock generator 
5 201; a flip-flop 202; a counter 2 03; a cycle counter 204; a duty 
counter 205; a first comparator 206; a second comparator 207; a 
third comparator 208; an end value register 209; an AND circuit 
210; an OR circuit 211; and inverter circuits 212 to 214. 

The flip-flop 2 02 outputs a high-level signal from an 
10 output terminal Q and a low-level signal from an output terminal 
Q bar when the lamp signal inputted from the flashing signal 
generation circuit 50 is switched from ON to OFF. The flip-flop 
202 further outputs a low-level signal from the output terminal 
Q and a high-level signal from the output terminal Q bar when it 
15 is reset due to a reset signal from the third comparator 208. 

The duty counter 205 subtracts "1" from a counter value 
based on the high-level output signal from the first comparator 
206 and is loaded with "8" as an initial value due to the high- 
level signal from the output terminal Q bar of the flip-flop 
20 202. 

The end value register 209 is previously stored with "0" 
as a value terminating counting of the duty counter 205. 

The second comparator 207 compares the counter values of 
the counter 203 and duty counter 205 and outputs a high-level 
25 signal when the counter value of the counter 203 is not more 
than that of the duty counter 205. The output signal of the 
second comparator 207 is outputted as an OFFPWM signal from an 
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output terminal of the OR circuit 211 via the AND circuit 210 

and the OR circuit 211. 

Next, an operation of the lighting-out circuit 2 0 will 

be explained with reference to FIG. 5. FIG. 5 is a time chart 
5 diagram of the lamp signal, the OFFPWM signal, and a variation 

characteristic of duty ratio of the OFFPWM signal during a 

falling period (or a light-out period). 

At first, suppose that a lamp signal of ON is being 

inputted to the flip-flop 202 and the flip-flop 202 is reset as 
10 shown in FIG. 5 (a) . In this state, a high-level signal is being 

outputted from the output terminal Q bar of the flip-flop 202. 

The counter value of the counter 103 is reset to "0." The cycle 

counter 2 04 and duty counter 205 are loaded with "8" as initial 

counter values. Here, the lamp signal is being inputted to the 
15 OR circuit 211 via the inverter circuits 213, 212, so that a 

high-level OFFPWM signal is outputted from the output terminal 

of the OR circuit 211. 

Next, as the lamp signal is switched from ON to OFF as 

shown in FIG. 5 (a), the output terminal Q bar of the flip-flop - 
20 202 represents low-level. The counter 203 starts counting up by 

being synchronized with a clock inputted from the clock 

generator 201. The first comparator 206 compares the values of 

the counter 203 and the cycle counter 204. When the values are 

equal, i.e., the counter value of the counter 203 becomes "8," 
25 the first comparator 206 outputs a high-level signal. Due to 

this high-level output signal, the counter value of the cycle 

counter 204 increases by M l," that of the duty counter 105 
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decreases by "1," and the counter 203 is reset. Namely, the 
counter value of the cycle counter 204 becomes "9," the counter 
value of the duty counter 205 becomes "7," and the counter value 
of the counter 203 becomes "0." 
5 For a period where the counter value of the counter 203 

shifts till "8," i.e., period TCI in FIG. 5 (b), the counter 
value of the duty counter 205 is "8." The counter value of the 
counter 2 03 is thereby not more than that of the duty counter 
205 , so that the output of the second comparator 207 remains 

10 high-level. This output of the second comparator 207 is inputted 
to the AND circuit 210. This then causes the OR circuit 211 to 
output an OFFPWM signal. Here, the duty ratio of the OFFPWM 
signal is TD1/TC1 (= 8/8). 

Next, the counter 203 resumes counting up the counter 

15 value from "0." As the counter value of the counter 2 03 reaches 
"9," it equals the counter value of the cycle counter 204. The 
first comparator 206 thereby outputs a high-level signal. Due to 
this high-level output signal, the counter value of the cycle 
counter 204 increases by "1," that of the duty counter 205 

20 decreases by "1," and the counter 203 is reset. Namely, the 
counter value of the cycle counter 2 04 becomes "2," the counter 
value of the duty counter 205 becomes "7," and the counter value 
of the counter 203 becomes "0." 

For a period where the counter value of the counter 203 

2 5 shifts from "0" to "9," i.e., period TC2 in FIG. 5 (b), the 
counter value of the duty counter 205 is "8." while the counter 
value of the counter 203 is "0" to "8," the output of the second 



comparator 207 becomes high-level. By contrast, while the 
counter value of the counter 203 is "9," the output of the 
second comparator 207 becomes low-level. Here, the duty ratio of 
the OFFPWM signal is TD2/TC2 (= 7/9). 
5 Similarly, each time the counter value of the counter 

203 equals that of the cycle counter 204, the first comparator 
206 outputs a high-level signal. Due to this high-level output 
signal, the counter value of the cycle counter 204 increases by 
"1," that of the duty counter 205 decreases by "1," and the 

10 counter 203 is reset. Therefore, the duty ratio of the OFFPWM 
signal becomes 6/10, 5/11, 4/12, 3/13, 2/14, and 1/15 for 
periods TC3 to TC8 shown in FIG. 5 (b), respectively. 

As the counter value of the duty counter 205 reaches "0" 
of the set value of the end value register 209, the third 

15 comparator 2 08 outputs a reset signal to cause the flip-flop 2 02 
to be reset. The output terminal Q of the flip-flop 202 then 
becomes low-level, so that the output of the AND circuit 210 
becomes low-level and the duty ratio of the OFFPWM signal 
becomes 0%. 

20 As the lamp signal is switched from ON to OFF, the duty 

ratio of the OFFPWM signal thus becomes nonlinear as shown in a 
dotted line in FIG. 5 (c). This is approximated to a luminance 
variation characteristic of the electric bulb during a lighting- 
out period. 

25 Furthermore, when the counter value of the duty counter 

205 equals "0" of the set value of the end value register 209, 
the counter 203 is reset due to the high-level signal of the 



output terminal Q bar of the flip-flop 2 02, leading to stopping 
of the above-mentioned counting procedure. 

As explained above, when the lamp signal from the 
flashing signal generation circuit 50 is switched from OFF to 
5 ON, the lighting-up circuit 10 outputs the ONPWM signal that 
enables a cycle and a corresponding duty ratio to gradually vary 
as shown in FIG. 3 (b) . The LED output circuit 70 supplies the 
LEDs 80 with electric current having the duty ratio according to 
this ONPWM signal. As a result, the luminance variation 

10 characteristic of the LEDs 80 is approximated to that of the 
electric bulb during a lighting-up period shown in FIG. 3 (c). 

Furthermore, when the lamp signal from the flashing 
signal generation circuit 50 is switched from ON to OFF, the 
lighting-out circuit 20 outputs the OFFPWM signal that enables a 

15 cycle and a corresponding duty ratio to gradually vary as shown 
in FIG. 5 (b). The LED output circuit 70 supplies the LEDs 80 
with electric current having the duty ratio according to this 
OFFPWM signal. As a result, the luminance variation 

characteristic of the LEDs 80 is approximated to that of the 

20 electric bulb during a lighting-out period shown in FIG. 5 (c). 

Thus approximating a luminance variation of LEDs to that 
of an electric bulb cancels feeling of strangeness existing 
between them. This enables the LEDs to have a visually mild 
luminance variation characteristic, resulting in exhibiting high 

25 quality. Further, it does not seem to be digitally controlled, 
so that a natural luminance variation characteristic can be 
obtained. This leads to protection against eyestrain. 
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The above control device of LEDs is formed of logical 
circuits such as various counters and comparators. This 
structure eliminates necessity of a memory or the like that 
stores a variation characteristic of a duty ratio. For instance, 
5 it can be easily built within a single customized IC. 

Furthermore, in the above embodiment, the LEDs are used 
in a turning signal lamp of a vehicle, so that a control device 
of the LEDs includes a flashing signal generation circuit 50 
generating a lamp signal that repeats ON/OFF. However, when the 

10 LEDs are continuously lighted up, a lamp signal can be outputted 
from an input circuit 40 based on an operation of an ON/OFF 
switch 31 shown in FIG. 6. 

Furthermore, the above embodiment includes, in the 
lighting-up or lighting-out circuits 10, 20, counter values, set 

15 values when being loaded, added or subtracted values to the 
counters, end values, or comparison conditions in the 
comparators. These values are only examples, and can be changed 
to enhance approximating a luminance variation characteristic to 
that of an electric bulb. 

2 0 Furthermore, in the above embodiment, the respective 

circuits can be recognized as methods for achieving the 
respective functions, so that the respective functions in the 
embodiment can be also achieved by a software method using a 
micro-computer . 

25 It will be obvious to those skilled in the art that 

various changes may be made in the above-described embodiments 
of the present invention. However, the scope of the present 
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invention should be determined by the following claims. 
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